The net rate of CO2 uptake for leaves of Gossypiun hirsutum L. was reduced when the plants were grown at low concentrations of NO3-, P042, or KV. The water vapor conductance was relatively constant for all nutrient levels, indicating little effect on stomatal response. Although leaves under nutrient stress tended to be lower in chlorophyll and thinner, the ratio of mesophyll surface area to leaf area did not change appreciably. Thus, the reduction in CO2 uptake rate at low nutrient levels was due to a decrease in the CO2 conductance expressed per unit mesophylH cell wail area (gco,). The use of gu and nutrient levels expressed per unit of mesophyll cell wail provides a new means of assessing nutrient effects on CO2 uptake of leaves.
a decrease in the CO2 conductance expressed per unit mesophylH cell wail area (gco,) . The use of gu and nutrient levels expressed per unit of mesophyll cell wail provides a new means of assessing nutrient effects on CO2 uptake of leaves.
Plant mineral status can markedly affect photosynthesis. For instance, Jco,3 is reduced in leaves that are deficient in N (10, 16, 18, 25) , P (16, 20, 22) , or K (3, 16, 17, 21, 24) . Describing Jco2 as a diffusion process controlled by g, and gm' (8) facilitates examination ofnutrient effects on photosynthesis. With decreasing N content, gm' appears to be the main control of Jco2 in C3 plants (11, 18) . For sugar beet and clover, gm' is more responsive to decreasing P or K than is g, (17, 18, 21) . Measurement (9) . Gas exchange and anatomical measurements were made on the third or fourth leaf above the cotyledonary leaves. These were mature leaves that had developed under a given nutrient treatment for 21-28 days. Rates ofwater vapor loss and Jco2 were determined at 2,000 ± 100 ,E m-2 s-1 PAR (light saturation) on attached leaves of at least two plants from each nutrient using a null-point closed-circuit flow system with circulating air containing approximately 1% 02 (15) . The low 02 minimized effects of respiration and photorespiration. Leaf temperature was maintained at 30 ± LONGSTRETH AND NOBEL (5) . Total P and K was measured using emission spectrography (23 15 ,um and lower surfaces, 16 ,um), and so differences in leaf thickness mirrored differences in mesophyll thickness. For the lowest nutrient concentrations the mesophyll region was 8-12% thinner than the average value (Table 1) .
However, Ames/A was relatively constant for all treatments ( Fig.   1 ).
At the lowest nutrient concentrations, Jco2 was approximately 50%7o of the value found at one-fourth strength Hoagland solution ( Fig. 2A) . Stomatal conductance (indicated by g,) changed little with increasing concentration of each nutrient (Fig. 2B) . The increase in Jco2 with increasing nutrient levels reflected a greater gmo", (Fig. 2C ), which in turn was due to changes in g . In fact, gce2 more than doubled from the low to one-fourth strength NO3-, P042-, and K+ (Fig. 3) . For each nutrient, gco2 rose rapidly at low nutrient levels (expressed as amount per unit of mesophyll cell surface) and then remained constant at about 0.15 mm s-' over a large range (Fig. 4) . 
DISCUSSION
Reduction in the net rate of CO2 uptake occurred at low concentrations of N03, P042, and K+ for cotton (Fig. 2) . The reduction was primarily due to a decrease in g", similar to findings for nutrient effects on other species (1 1, 18, 20, 21 ). Cell dimensions decreased slightly at the lowest nutrient levels, but in such a way that Anes/A varied little (Fig. 1) . Thus, nutrient effects (Fig. 3) , similar to previous results on Plectranthusparvflorus (13) . Such responses are in contrast to those for differences in illumination during leaf development, which affects primarily A`'/A (13, 14) , and salinity, which can affect both Am"/A and cell ( Changes in stomatal conductance (deduced by measuring g, 4) did not appreciably affect Jco2 at any nutrient concentration (Fig.  2) . Although previous work with C3 plants indicated that variations in NOa-mainly influenced gm' (11, 18) , appreciable changes in gW, can occur. Terry and Ulrich (20, 21) showed that gw declined under P042-and K+ stress, but this occurred after declines in gm' had substantially lowered Jco2. Likewise, as K+ deficiency increased in Medicago sativa, gm' responded before g., (17) . Therefore, changes in g,,, may be a secondary response to nutrient stress.
Although Am`/A varied little (Fig. 1 ), low nutrient levels had an effect on several leaf properties. Cotton leaves from plants developing under nutrient stress were thinner than those developing under normal concentrations (Table I) , unlike two Australian tree species, in which leaf thickness increased with N and P stress (2) . Similar to wheat (16) , but contrary to rice (25) , specific leaf weight of cotton was highest at the lowest N03 concentration (as well as lowest P042-and K+ for cotton). As in previous reports (11, 12) , total Chl was reduced in low N03-, low K+, and to a lesser extent low P042-; soluble protein was reduced in low N03-. Our results suggest that some chemical component related to the photochemistry or biochemistry of photosynthesis was leading to the lower g'co"2 under low nutrient treatments.
Relating gc'u, which varied more with nutrient treatment than the other factors controlling JCO2, to nutrient level per unit cell surface area (Fig. 4) provides a direct assessment of the nutrient level necessary for maximum gce. The lower the level necessary to produce a maximum gCO2, the better potential there is for adaptation of the plant to low nutrient values. This type of comparison could be used to quantify adaptation to nutrient stress of different species or to screen genotypes of crop species for use in nutrient-poor soil.
